
1 '1' JAN 2006 - 1  PROCESS FOR PREPARING SULPHURIC METHACRYLAMIDE AND
DEVICE FOR IMPLEMENTING IT The present invention relates to a process for
preparing sulphuric methacrylamide from acetone  cyanohydrin and also to a
device for carrying out this  process. Sulphuric methacrylamide or
methacrylamide sulphate  [CH2=C (CH3) -CONH2, H2SO4] is an intermediate
product which  gives methyl methacrylate by reaction with methanol and
water. it is known practice to prepare sulphuric  methacrylamide from
acetone cyanohydrin and  concentrated sulphuric acid. This preparation
generally comprises the reaction of  acetone cyanohydrin with concentrated
sulphuric acid to  give a-hydroxyisobutyramide and a-hydroxyisobutyramide
sulphate. These two compounds are then heated to give  sulphuric
methacrylamide. _ Such a preparation is the subject of French patent  No.
1 529 440 in which is described a process with  staging of the
introduction of acetone cyanohydrin,  comprising a step in which acetone
cyanohydrin is mixed  with sulphuric acid using a sulphuric acid/acetone
cyanohydrin molar ratio at least equal to 1.5, a step  in which the
mixture obtained above is subjected to a  dehydration by heating, acetone
cyanohydrin is then  added to the reaction medium so as to again have a
sulphuric acid/cyanohydrin molar ratio (of greater than  1) and, finally,
the reaction mixture is again  subjected to a dehydration by heating. 



European patent application No. 226 724 relates to a  process for
preparing methacrylamide from acetone  cyanohydrin and concentrated
sulphuric acid, in which a 1 1 JAN 1006 - 2  two-phase liquid mixture
consisting of an inert,  linear, saturated hydrocarbon containing from 5
to 7  carbon atoms and acetone cyanohydrin are introduced  into sulphuric
acid. European patent application No. 999 200 relates to  apparatus and a
process for the high-yielding  production of methyl methacrylate or of
methacrylic  acid, in which a piston-type cracking reactor is used  for
the thermal conversion. In the translation of the article published in the
Russian journal Zhurnal Prikladnoi Khimii, Vol. 47,  No. 6, pp. 1347-1351,
June 1974, entitled "Various  reactions occurring in the synthesis of
methyl  methacrylate from acetone cyanohydrin and oleum" by  A. A.
Michurin, E. A. Sivenkov, E. N. Zil'berman and  T. I. Tret'yakova, it is
demonstrated that the reaction  of acetone cyanohydrin with sulphuric acid
to give  a-hydroxyisobutyramide sulphate provides better results  when it
is carried out with a 1/2 cyanohydride/oleum  molar ratio in the presence
of oleum containing 5 to  10% sulphur trioxide. However, to limit the
appearance  of side reactions during the subsequent stoving step,  it is
recommended to work with an oleum containing 0-3%  sulphur trioxide. The
aim of the invention is to propose a process for  preparing sulphuric
methacrylamide which has a high  yield even when a small excess of
sulphuric acid is  



used, i.e. when the overall sulphuric acid/acetone  cyanohydrin molar
ratio is low. The process according to the invention comprises the
following steps: a) a mixing step, in which acetone cyanohydrin is  mixed
with sulphuric acid which is free of sulphur  trioxide ; b) a stoving
step, in which the mixture obtained above of ? 1 JAN 2006 - 3  is
subjected to a dehydration by heating; c) a step of adding further acetone
cyanohydrin, in  which more acetone cyanohydrin is added to the  reaction
medium, without adding more sulphuric  acid, and with mixing; d) another
stoving step, in which the mixture is  subjected to a further dehydration
by heating; e) optionally, one or more additional step(s) of  further
addition of acetone cyanohydrin followed by  an additional stoving step;
f) optionally, a final stoving step; and it is characterized in that
sulphur trioxide is  also introduced in step c) and/or just after this
step  c) and/or, where appropriate, in one or more of the  additional
steps of further addition e) and/or just  after this or these step (s) e).
Such a process thus has the advantage of reducing the  number and extent
of the side reactions. In addition,  it allows the use of starting
reagents that are not  necessarily anhydrous. A subject of the invention
is also a device for  carrying out the process according to the invention.



Other characteristics and advantages of the invention  will become
apparent on reading the description which  follows and which is given with
reference to the  drawings, in which: - Figure 1 is a scheme representing
the assembly used  to carry out the process according to the  invention; -
Figure 2 is a graph representing the change in  yield as a function of the
sulphuric acid/acetone  cyanohydrin molar ratio for the process according
to the invention and a process of the prior art. ,J 1 JAN 2006 - 4
DETAILED DESCRIPTION OF THE INVENTION The invention is based on the
discovery that by  introducing sulphur trioxide into points of the process
that are already rich in methacrylamide, it is possible  to chemically and
almost instantaneously convert  a-hydroxyisobutyramide into
(x-hydroxyisobutyramide  sulphate, and that the latter is rapidly
converted into  methacrylamide during a subsequent stoving. Thus, the
introduction of sulphur trioxide may be  carried out in step c), i.e.
after the pre-stoving  step, at which point the sulphuric acid/acetone
cyanohydrin molar ratio MR is high, or alternatively  just after step c) ,
i.e. at the end of introduction of  the acetone cyanohydrin, i.e. when the
said molar ratio  MR is low. Preferably, the sulphur trioxide is
introduced only in  step c) . According to the invention, it is not
necessary to work  with anhydrous reagents. It is possible to use a  



sulphuric acid with a titre of close to 100% without  targeting a specific
titre. In addition, an acetone  cyanohydrin of mediocre quality may be
satisfactory. It  is possible, for example, to use an acetone cyanohydrin
containing from 500 to several thousand ppm of water. The sulphur trioxide
may be in the form of oleum, which  facilitates its introduction. The
oleum generally contains more than 10% and  preferably more than 15% by
weight of sulphur trioxide. It may advantageously correspond to an
industrial  oleum, for example with a titre of 104.5% (H2SO4  equivalent -
containing about 20% by weight of free  sulphur trioxide), obtained on a
standard acid I 1 JAN 2006 - 5 regeneration unit of a methyl methacrylate
manufacturing process. This is surprising since, in the  prior art,
especially in the abovementioned Russian  publication, the use of an oleum
leads to interfering  side reactions. The amount of oleum added is less
than 10% by weight  relative to the total charge of acetone cyanohydrin
and  of sulphuric acid. It is preferably between 3% and 5%  relative to
this total charge. Thus, such injected oleum contents remain compatible
with low molar ratios MR and do not pose any viscosity  or crystallization
problems, precisely because the  oleum is injected after a pre-stoving
step, i.e. at a  point at which there is already a portion of
a-hydroxyisobutyramide sulphate that has been converted  into
methacrylamide. Furthermore, no particular exothermicity is produced at  



the point of injection of the oleum, contrary to the  case in the prior
art in which the oleum is added  directly to the acetone cyanohydrin. No
crystallization is observed either, which would be  due to the rise in the
content of  a-hydroxyisobutyramide sulphate, which conventionally  occurs
when oleum is injected before the pre-stoving. According to the invention,
the sulphur trioxide is  generally injected in slight deficit relative to
the  a-hydroxyisobutyramide to be converted into  a-hydroxyisobutyramide
sulphate. This deficit may  correspond to a sulphur
trioxide/a-hydroxyisobutyramide  molar ratio of less than 1 and of the
order of 0.8-0.9. As a result, there is never any free sulphur trioxide
in the reaction medium (outlet of step c). This has the  advantage of
limiting the side reactions associated 1 1 JAN 2006 with the sulphur
trioxide, especially the formation of  dimethylacrylamide, sultone and
polymers. According to the invention, the molar ratio MR in step  c) is
generally less than 1.7 and preferably between  1.15 and 1.35. As regards
the assembly to be used to carry out the  process according to the
invention, it generally  comprises, in succession: - a first mixing
reactor Ra,  - a first stoving reactor Rb, - a second mixing reactor Rc
comprising means for  introducing acetone cyanohydrin, a second stoving
reactor Rd, optionally, one or more additional mixing  reactor(s) followed
by an additional stoving  



reactor, and - optionally, a final stoving reactor Re, and is
distinguished from a conventional assembly in  that it also comprises
means for introducing sulphur  trioxide into reactor Rc and/or at the
outlet of this  reactor and/or, where appropriate, into one or more of
the additional mixing reactors and/or at the outlet of  this or these
additional reactor(s). When the assembly comprises additional mixing
reactors,  each of these reactors is followed by an additional  stoving
reactor. Figure 1 is a diagram illustrating a simplified  assembly that
may be used to carry out the process  according to the invention. The
process according to the invention is generally  performed in continuous
mode, which may be described as  follows. Sulphuric acid is introduced via
line 1, and acetone I 1 JAN 2006 - 7  cyanohydrin via lines 2 and 6. Step
a) takes place in  reactor Ra. The mixture obtained in reactor Ra is
introduced via  line 4 into reactor Rb, where the pre-stoving step b)
takes place. The intermediate product obtained in step b) is then
introduced" via line 5 into reactor Rc, where it is  mixed with fresh
acetone cyanohydrin arriving via line  6 and, where appropriate, with
oleum arriving via line 7. The mixture obtained in reactor Rc is then
introduced  via line 9 into reactor Rb. 



Where appropriate, oleum is added via line 8 into the  mixture leaving
reactor Rc. The stoving of step d) takes place in reactor Rd. Where
appropriate, reactor Rd may optionally be linked  to a final stoving
reactor Re. After the stoving, the methacrylamide sulphate is  withdrawn
from reactor Rd or, where appropriate, from  reactor Re, and is used to
manufacture  methylmethacrylate or methacrylic acid. The mixing reactors
usually operate at a temperature of  between 85 and 105C and preferably
between 90 and  95C. The stoving reactors usually operate at a temperature
of between 120 and 145C and preferably between 120 and  140C. According to
one preferred embodiment of the invention,  at least one of reactors Rb,
Rd and optionally Re is a I ) JAN 2006 piston reactor.  Examples  The
examples that follow illustrate the invention  without, however, limiting
its scope. All the tests were carried out in an assembly as  illustrated
in Figure 1. The reactor Ra was a stirred jacketed reactor (with a  volume
of about 270 ml). Reactor Rb was an electrically heated piston reactor
(with a volume of about 60 ml). Reactor Rc was a stirred jacketed reactor
(with a  volume of about 300 ml). Reactor Rd was an electrically heated
piston reactor  (with a volume of about 36 ml). 



A jacketed piston reactor Re (not shown) (with a volume  of about 240 ml)
was connected to the outlet of reactor  Rd. The main characteristics of
the tests were as follows: - the reaction took place continuously over two
stages, plus final stoving; the acetone cyanohydrin was distributed over
the  two stages (staged feeding with acetone  cyanohydrin); - the molar
ratio MR was adjusted by varying the  amount of acetone cyanohydrin
introduced into  reactor Rc; the flow rate of 100% sulphuric acid was kept
constant at the inlet of Ra (about 570 g/h) and it  was the flow rate of
acetone cyanohydrin which was ri 1' JAN 2006 - 9  adjusted according to
the final MR targeted at the  outlet of piston reactor Re; the sulphuric
acid titres were measured by  potentiometry (assay with sodium hydroxide);
the contents of formed products were measured by  HPLC. Test 1
(comparative) In this test, the ratio MR in reactor Rc was 1.60; the
acetone cyanohydrin was distributed in the following  manner: 70% in
reactor Ra and 30% in reactor Rc. The other conditions are collated in the
following  table. Reactor RaRbRcRdRe MR2.271.61.6 



Temperature 9012090135 in C Residence 385302.524 time in min Test 2
(invention) In this test, the ratio MR in reactor Rc was 1.50; the
acetone cyanohydrin was distributed in the following  manner: 70% in
reactor Ra and 30% in reactor Rc. Oleum with a titre of 104.5% was
introduced at a rate  of 45 g/h via line 7 into reactor Rc. The other
conditions are collated in the following  table. Reactor Ra MR 2.13 Rb Rc
1.5 Rd Re 1.5 1 1 JAN 2006 - 10  Temperature9012090135 in C
Residence385302.524 time in min Tests 3 (comparative), 3a (invention) and
3b  (invention) 



In these tests, the ratio MR in reactor Rc was 1.30;  the acetone
cyanohydrin was distributed in the  following manner: 70% in reactor Ra
and 30% in reactor  Rc. In test 3a, oleum with a titre of 104.5% was also
introduced at a rate of 45 g/h via line 8 at the outlet  of reactor Rc. In
test 3b, oleum with a titre of 104.5% was introduced  at a rate of 45 g/h
only via line 7 into reactor Rc. The other conditions are collated in the
following  table. Reactor RaRbRcRdRe MR1.841.301.30 Temperature
9012090135-140 in C Residence 385302.524 time in min Tests 4 (comparative)
and 4a (invention) In these tests, the ratio MR in reactor Rc was 1.20;
the acetone cyanohydrin was distributed in the  following manner: 60% in
reactor Ra and 40% in reactor  Rc. In test 4a, oleum with a titre of
104.5% was also I t JAN 2006 - 11  introduced at a rate of 45 g/h via line
7 into reactor  Rc. The other conditions are collated in the following
table. 



Reactor RaRbRcRdRe MR1.991.201.20 Temperature 9012095140 in C Residence
385302.524 time in min Tests 5 (comparative) and 5a (invention) In these
tests, the ratio MR in reactor Rc was 1.10;  the acetone cyanohydrin was
distributed in the  following manner: 60% in reactor Ra and 40% in reactor
Rc. In test 5a, oleum with a titre of 104.5% was also  introduced at a
rate of 49 g/h via line 7 into reactor  Rc. The other conditions are
collated in the following  table. Reactor RaRbRcRdRe MR1.831.101.10
Temperature 9012095140 in C Residence 385302.524 time in min I 1 JAN 2006
- 12 Results The methacrylamide yields obtained in all the tests  



carried out were calculated. The results are given in the following table.
TestsMROleum% yield 11.60no91.50 21.50yes92.24 31.30no91.04 3a1.30yes91.45
3b1.30F yes91.59 41.20no90.05 4a1.20yes90.34 51.10no87.31 5a1.10yes87.34
The curve in Figure 2 shows the change in yield as a  function of the
molar ratio MR in reactor Rc. 1 1 JAN O - 13  CLAI S 1. Process for
preparing sulphuric methacrylamide,  comprising: a) a mixing step, in
which acetone cyanohydrin is  mixed with sulphuric acid which is free of
sulphur trioxide ; b) a stoving step, in which the mixture obtained  above
is subjected to a dehydration by heating;  c) a step of adding further
acetone cyanohydrin, in which more acetone cyanohydrin is added to  the
reaction medium, without adding more  sulphuric acid, and with mixing; d)
another stoving step, in which the mixture is  subjected to a further
dehydration by heating;  e) optionally, one or more additional step(s) of
further addition of acetone cyanohydrin  



followed by an additional stoving step; f) optionally, a final stoving
step; characterized in that sulphur trioxide is also  introduced in step
c) and/or just after this step  c) and/or, where appropriate, in one or
more of  the additional steps of further addition e) and/or  just after
this or these step(s) e). 2. Process according to Claim 1, in which the
sulphur  trioxide is introduced in the form of oleum. 3. Process according
to Claim 2, in which the oleum  contains more than 10% and preferably more
than  15% by weight of sulphur trioxide. 4. Process according to Claim 2
or Claim 3, in which  the amount of oleum added is less than 10% by
weight relative to the total charge of acetone  cyanohydrin and of
sulphuric acid. 5. Process according to Claim 4, in which the amount  of
oleum added is between 3% and 5% relative to I 1 JAN 2006 - 14  the total
charge of acetone cyanohydrin and of  sulphuric acid. 6. Process according
to one of Claims 1 to 5, in  which the sulphur trioxide is introduced only
in  step c). 7. Process according to Claim 6, in which the  sulphuric
acid/acetone cyanohydrin molar ratio in  step c) is less than 1.7. 8.
Process according to Claim 7, in which the  sulphuric acid/acetone
cyanohydrin molar ratio in  step c) is between 1.15 and 1.35. 9. Process
according to one of Claims 1 to 8, in  



which step b) and/or step d) is/are carried out in  a piston reactor. 10.
Device for carrying out the process according to  one of Claims 1 to 9,
comprising, in succession: - a first mixing reactor Ra,  - a first stoving
reactor Rb, - a second mixing reactor Rc comprising means for  introducing
acetone cyanohydrin, - a second stoving reactor Rd, - optionally, one or
more additional mixing reactor(s) followed by an additional stoving
reactor, and - optionally, a final staving reactor Re,  characterized in
that it also comprises means for  introducing sulphur trioxide into
reactor Rc  and/or at the outlet of this reactor and/or, where
appropriate, into one or more of the additional  mixing reactors and/or at
the outlet of this or  these additional reactor(s). 11. Device according
to Claim 10, in which at least  one of reactors Rb, Rd and optionally Re
is a 1. i JAN 2008 - 15  piston reactor. 12. Use of sulphuric
methacrylamide obtained by the  process according to one of Claims 1 to 9,
to  manufacture methyl methacrylate or methacrylic  acid.   PROCESS FOR
PREPARING SULPHURIC METHACRYLAMIDE AND  DEVICE FOR IMPLEMENTING IT 



ABSTRACT The invention relates to a process for preparing  sulphuric
methacrylamide from acetone cyanohydrin. This process for -preparing
sulphuric methacrylamide comprises:  a) a mixing step, in which acetone
cyanohydrin is mixed with sulphuric acid;  b) a stoving step; c) a step of
adding further acetone cyanohydrin:;  d) another stoving step; e)
optionally, one or more additional step(s) of  further addition of acetone
cyanohydrin followed  by an additional stoving step; and f) optionally, a
final stoving step. it is characterized in that sulphur trioxide is also
introduced in step c) and/or just after this step c)  and/or, where
appropriate, in one or more of the  additional steps of further addition
e) and/or just  after this or these step(s) e). The invention also relates
to a device for carrying out  this process. (cf. Fig. 1) 




